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Identity, however, was net recognized until the end of the cighteenth century, 
and its commercial development did not become extensive until near the close 
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Reerintcd from Seen 


The first domestic graphite mine was Massachusetts, and it was also 
one of the first mining venuines of any kind in America. It was first secured 
by a grant to John Winthrop, Jr. (son of Governor Winthrop of Massachusetts), 
who purchased the tract from the Indian inhabitants between 1644 and 13858. 
The preliminary operation appears.not to have been successful, but in 1738 
mining was resuined, and one or more shipments were made to England, where 
the material brought 4 pence a pound .o/ A method for producing manufactures 
graphite was patented by Girard and Street in 1893, but the commercial meths:, 
an adaptation of the carborundum process, was vatented by E. G. Acheson 
in 1896, 


Graphite is aw idely distributed mineral found in virtually every country 
of the world, Most occurrences, however, are of no economic importance 
because of poor quality, prohibitive mining and milling costs, inaccessibility, 
and voor location with reference to the industrial centers where graphite is 
used, The principal commercial deposits of granhite are found in Ceylon, 
Madagascar, Germany, U.S.S.R., the United States, Canada,.Chosen (Korea), 
and Mexico. Included under Germany at Sone are the depasits in 
Czechoslovakia and Austria, , | Pras, <th & manda 
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ae may occur as flake, tan chip, or dust... Ammorpnous eraphite is a 
commercial term only, as all aero is Sl decal ‘Dut. A Soe in whica oe 
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tet ere use was in crucibles, and domestic crucible makers. paarere 
Celyon lump or chip grapvhite. In recent years the consumption of graphite 

in crucible has declined to rather small preportions, and crucible makers 
insist upon Madagascar flake of suitable mesh sizes. There are a few other 
specialities for which Madagascar flake or certain kinds of crystalline Ceyicr. 
graphite are desired in preference to qualities obtainable elsewhere. Fortu- 
nately, with resnect to national security, the tonnage of graphite from these 
cistant sources that can be considered as absolutely essential to military or 
even civilian industry is a relatively small fraction of the total compared 


with what it was even 12 years ago. 


| Graphite is a Apsiee) international mineral in-that it is utilized mainly 
in the countries noted for their. industrial activities, whereas the two islancs, 


3/ Hayes, G. H., The Tale of Tantiusques, an Early Mining Venture in 
: Massachusette: Proc, Am. Anti. Soc., Oct. 31, 1901. (Rev. in Mineral 
Resources 1913, pt. IL, pp. 199-200). 
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Ceylon and Madagascar, which produce the major portion of the world’s 
high-grade graphite, are virtually devoid of any manufacturing establisn- 
ments requiring its use. Tne industry is therefore violently disturbed by 
wars. The lack of shipping and embargoes placed by France and Creat 
Britian during the first World War to prevent supplies of Madagascar and 
Ceylon graphite from falling into the hands of the enemy brought some 
measure of prosperity to the domestic industry. Many of the numerous 
failures in the domestic industry after this war were attributed to the 
enormous stock piles that had accumulated in various parts of the world as 
well as to the fact that many domestic mills were built without adequate con- 
sideration of the aize or quality of the deposits. During the present war the 
domestic market has expanded again because of shortages of imported 
material, but extensive field and laboratory investigations by the Federal 
Geological Survey and the Bureau of Mines were carried out before the mills 
were erected. This, it is hoped, will not only eliminate many of the-failures 
such as occurred after the previous world conflict, but will also increase 
the peacetime production of domestic graphite. 


DESCRIPTION 
Natural cureaty 


Pure eraphite ene an interesting combination cf siemieal and — 
physical properties. It is available in several forms, each posse ess98 indi 
vidual characteristics. 


Graphite is a soft, black, unctuous forrn of carbon, one of its three 
principal forms, the others being diamond and charcoal. Chemically, granhite 
is pure carbon, but physically it differs markedly from the diamondcr — 
charcoal. Graphite is one of the softest minerals (hardness, 1 to 2 on Mohs’ 
scale);-it is opaque even in finest particles, dark gray to black in color, 
extremely resistant to the action of acid or heat, and a vee oe of both 
heat and eicm chy Tne specie gravity is 2.1. 


The rnost common names for this ines are graphite, plumbago, and 
black lead. Others, less frequently used, aré potelot, crayon noir, carbo 
rmineralis, and kish, Graphite was named by Johann Gottlieb Werner in 1789 
from the Greek work ‘‘graphein,’’ to write. The word was applied primarily 
to the large crystalline flake variety. : 


Plumbago is a trade term used primarily for massive gravhite as found 
in Ceylon. Black lead is also a trade term and, like plumbago, is based upon 
the idea that prevailed throughout the Middle Ages that era was a form 
of lead, or at least contained that metal. 
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The purest eranhite contains alinost 1CO vercent carbon with very 
Smail amounts of silica. From this it inay grade down to shales or slates 
containing cnly enougn carbonaceous matter to make them black. Commertze. 
eranhice contains varicus impurities, the graphite carbon content ranging 
from as low as 30 or 35 percent for the naint trade to a rnaximmum of YC or 
SO percent for crucibies or lubricants. | 


Manufactured Graphite 
The term ‘“‘artificial graphite’ is a misnomer. ‘‘Manufactured grarnit:’ 
is a better term, because it actually is pure crystalline graphite, the only 
artificial attribute being the method of production. Tne original disccvery 
that gravchite could be produced in the electric furnace was made in the 
course of experimentins witn the effect of high temperatures cn carboe 
rundum / It was found that carborundum is decomposed at about 7,5CC° F, 
the silicon being vaporized and the carbon leit behind. A process was later 
develored for making granhite from anthracite culin or petroleum coke wits 
smalter amounts cf quartz sand and sawdust. 


Colloical graphite. - This forin is composed of manufactured graphite 
subdivided until the individual rarticles approach the dimensions of sclids 
in true solution. These narticies possess lixe electrical charges, which 
facilitate their suspension in liquids for long periods of time through the 
induction of repulsion fieids that prevent intercoliision, agglomeration, and 
settlin:. 


GEOLOGIC OCCURRENCE AND ORIGIN 


Geologic occurrence. - Graphite is found in nature in ignecus, sedi- 
mentary, and metamorvhic rocks. In igneous rocks it has been found in iron- 
nickei meteorites, effusive and plutonic rocks, dikes, and pegmatites. In 
sedimentary rocks it has been noted as small detrital particles that have 
been transrorted and denosited along with other clastic minerals, but becaus- 
of its softness it may be ground to such small sizes that it is unrecosnizeris 
in these rocks. The mcost common occurrence is in metamorpnic rocks, 
schists, gneisses, and metamorphcsed limestones. Rarely does it ccnstituic 
more tnan 1G percent of the rock, although in a few deposits it commcses 
virtually the entire rock, In gneisses and schists it is present in small, thin 
flakes seldcm over one-fifth inch in diameter, oriented parallel to the foliat - 
and disseminated through the rocks like mica flakes in mica schists. The 
graphite flakes in limestone are similar in character but seldom show merk:.: 
paralielisim of orientation, In igneous rocks, including pegmatites. graphit: 
also ccecurs in the form cf unoriented thin flakes as well as pockets or lurnr3 
consisting almost entirely of graphite. In neematites the flakes are norm2i. 
raucn larver and considerably thicker. Graphite also occurs in the form < 
4/ Svernce H.S. Granite: Canada Dert. of Mines Bu. 511 1920 Dee 
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veins in which cthcr minersis may ke entirely lacking, Many veins show 
foliation but do not readiiy split into thin fiakes cr fibers. Finally, srarhite 
occurs in bedded denosits recognized as former ccal beds altered to graphite. 


Orisin. - The ori¢in of graphite is still problematica:, and althousa 
mucn has bcen'written, many questions remain unenswered. Pedded deposits 
Gites norp eons ecicoite termed trom aitered coal c@enosits are easily ey vlained. 

The coal beds have been altered by igneous intrusions cr by earth movements. 
HOUIpmeGn ede intruding the coal beds have provided the heat that has 
CPO es volatile ecnetituonts Of the. Coal beds and -ecenverica ie 
remaining carbon into the graphite form; heat generated during earth move- 
ments ana compression of the coal beds brings abcut the same result. 


The formation of flake graphite in metamornnic and igneous rocks, 
nowever is nct so clear, Flake pravhite in gneisses, Schists, and marbles is 
supposed to have been formed by dynamic mstamorpnic action urcen organic 
matter derived froin either plants or animals that were present in the original 
sneles, sandstones, and eee The gravhite was not formed in situ but 
moved to concentration centers, where the crystalline flakes were formed. 
Graphite in igneous rocks, including pegmatites, and in bedded deposits is 
believed to have existed as orizinal cases of hydrocarbons or as oxides or 
carbon, which were present in voleanic lavas or derived from carbcnaccous 
rocks cut by igneous intrusions. 


Virtually ali natural graphites, whether amorphous or crystalline, 
contain impurities of admixed mineral substances, the proportion of which 
is commonly greatest in the flake cres. In these ores the usual impurities 
are mica, calcite, quartz, feldsrar, sulfide of iron (pyrite and pyrrhotite), 
and various silica ates of limo, inagnesia, and alurminz. Where pronounced 
Weatnering of traphite schists has taken place, racny of the above minerals 
have been aitered to clayey material. In many such deposits considerable 
enricnment in gravhite has resulted. , | 


DOMES 2 EC DE POslis 


Gropnite nan poen reported in 25 States in the United States, and 
production in commercial quantities has come from 10. In recent years, 
nowever, tae prceduction of cryst2iline granhite had been insignificant and the 
cutyut of natural amorphous gravhite has been confined to a few hundred tons 
annually, Lump granhite resembling that produced in Ceylon has been mined 
néar Dillon, Mont., but never in larvte amount. Flake grarhite deposits in 
SChists..0r gneisses have been mined in New York, Pennsylvania, Alabama, 


b/ Miller, B. L., oe Am. Inst. Min. and Met. Eng., Industrial Minerais 
and Rocks, chap. 87, 1987, np. 333-4, 
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UE72AS, end Calorie, 2nd Gimercneus srennite hes DCCN mined in ich es 
lass Rhode Is aind, New Mienico, and Nevada. 


The depesits of vein graphite near Dillon, 4 font., occur near the 
southwest end cf tne Ruby ROnge of rnountains, 15 miies southeast of Dilicr, 


at an altitude cf 7,500 to 8,00 feet, end are found in scams in limestone, 
as pockets in: raarble, and in aie asscciated with garnet, mica, quartz, 
and feldspar. The seams in limestone are 1 to 2 inches wide and presist 
over a considerable distance parallel to the bedding of the rcck. Granhite 
in the marble occurs in irregular bunches and pockets at the contact of ths 
marble and the igneous intrusion. In the schists it is intimately associate: 
witn garnet, quartz, feldspar, and mica. Froduction from these dcepecsits 
has always been small. 


Denosits of flake cranhite, from which the lergest amount cf grirhitc 

has been reccevered, are found in ere and gneisses “thet show varicus 
steres of weathering, rancing from the slightly altercd schists ccntuining 
the nard silicicus ores of the erstern and scuthern Adirondacks to tns 
weathered claylixe masses typical of seme ci the Alabima deposits.. 

Dew Osits in the - castern and southern Adirondacks of New York State 
can furnish 2 lerge amount of flake if necessary, but the graphite is in here 
rock and is interlezved with Liotite mica, which ‘rankes separation difficult, 
The rock contains 4 to 5 percent gra anhite and therefore is higher grade ths: 
that occurring in Alabama. A small area near Suffern, N. Y., yields gran: 
in large flakes; but here, again, it is in narrow veins in fresh, unweathere: 
gneiss and would necessitatc mining and treating a nee tohnag re cf rocé te 
obtain a smeali amount of graphite. The grarhite on the Western edge cf tr: 
Adirondacks, ncar Morristown, is foundry-grede material, and the tonnage 
is small.. Phe deposit is being worked down the dip of a plunging anticiins, 
and as a & consequence an increasing amount of overburden is encountered. 
Tne ore body has never been drilled, therefore, reserves cannot be estims:: 
SCCuUratcly. 


Graphite has been minéd intermittently in Pennsylvania for some thr: 
The principal producing deposits are about 30 miles west of Philadeirhiz 
in the gneiss of Pickcring Vailey, Chester County. Graphite was re covers 
from tne weathered portion of this gneiss from 1830 to 1920. Eanceunes 
are present in several old vits, and blocked-out reserves of 4 to 5 percert 
contain 2 large tonnage of flake material, 


Deposits of eee lake have been mined for a number of 
years in Alabama. Up to 1930, the production was 1,500,000 tons of mater:s. 
containing 2 percent graphitic carbon, 45 percent of which was plus Coe mes 
Flake devosits are best developed in a comparatively narrow belt aporox 
mately 4 miles wide and 60 miles.long extending in a-general northeast- 
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southwest direction through portions of Clay, Coosa, and Chilton Counties. 
The graphite occurs in weathered schist and is recovered by open-pit mining, 


Tne Texas granvhite deposits are found in the central region between 
Llano and Burnet in a fresh silicious schist. Both flake and amorphous 
varities are found, and the material is chiefly of foundry facing grade. A 
small tonnace of large flake could be recovered, but under present manu- 
facturing vrocesses the flake is too soft for crucible use. 


Graphite in California occurs in Calaveras, Mendocino, Los Angeles, 
and San Diezo Counties as flakes disseminated through a schist, which takes 
tne form of a vein of schist in granite. The graphite is crystalline but in 
small flakes associated with quartz, feldspar, and minor amounts of mica 
and pyrite. 


Graphitic slate classed as amorphous gravhite has been produced in 
considerable quantities near L Anse in Barago County, Michigan, and in the 
vicinity of Cartersville, Ga. In Rhode Island, amorphous-grannite beds were 
formed as a metaimorohic product of coal beds. The coal beds were originaily 
of moderate thickness but were folded and compressed. by movements in the 
crust of the earth. Pressure was so intense that the coal was squeezed 
into pockets, which are joined by thin stringers consisting of coal, quartz, 
feldspar, pyrite, and other impurities. The heat generated by the movement 
ana compression has driven off many of the volatile constituents of the coal, 
leaving impure amorphous graphite as a residue. 


Amorphous graphite has aiso been formed by the alteration of coal 
in New Mexico. In Colfax County, along the Canadian River 7 miles south- 
west of Raton, igneous intrusions have altered bituminous coal to coke, and 
in a few places where the heat was varticularly intense graphite was formed. 
Near Carson City, Ormsby County, Nev., a graphitic snale has been mined 
intermittently for amorphous graphite for some time. 


- FOREIGN DEPOSITS 


Although grarvhite is found in virtually all countries of the world, > 
Ceylon, Madagascar, Chosen (Korea), Mexico, Germany (which includes 
Czechoslovakia and Austria at preSent), the U.S.S.R., and Canada furnish 
almost 85 vercent cf the world output. Ceylon, Madagascar, and Chosen 
stand in the fortfront because of the high quality cf the graphite produced, 
the cneapness cf native labor, and favorable mining conditions. Certain other 
,0ocalities have attained prominence because of low production cost and ease 
of transportation tc the consuming markets. The large output of Czecho- 
Siovakia, for example, is the result as well as the cause’ ofa great local 
industry utilizine its products. 
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Among the locatities that are minor or Ser es roaucers are small 
devosits in England and oe Berttula, Finland;&’ Vittangi and Norter-, 
Sweaen; Senjen, Norway; the Machckos District in Kenya Fast Africa); 
ihe Victcria and Vankie Lis erick (Rhcdesia); Ugandi; British Sculn Alrics: 
Pelgian Congo; the Eambari District of French Equatcrial Africa; Portuze 
Rast Airica; the Departments cf Suceara, Go >rji, and Nehedenti and the 
eee atnian Mountains, Rumania; wit Bovnle, (ucensiand; Munglinup an 

enenup, Western Austz ralia; Eyre’s Peninsula, south Australia; Undercilie, 
New South Wales; ‘Chile, Paraguay, and Uraguay in South America: nani, 
Chihli, Kiangsu, and Hunan heme Gebhats 


A. ata ER 


Canada. - Gr apk ite is widely distributed through Canada, but the 
oniy deposits tees ave been worked extensively are in southern Quebec 
and Ontario. ‘The commercial derosits occur in gneiss, crystalline lime- 
Stone, and Contact metamorohic 2cnes. for many years more tan hal 
tne total Canadian outcut was furnished by the Black Dcnald mine at 
Calabocie in Renfrew County, Cntario. The occurrence consists of smal! 

— containing local streaks of larger flake. The graphitic carbon czrte:: 

ances from “0 to 8C percent. The granhitic material enclosed in limest::: 
is cf metasomatic origin and constitutes a renlacement product of a fertzi: 
zone of the limestone enclosine the deposit. The alteration of the limest-:: 
anoarently involved intense ay apace accompanied by a corresponaun: 
lesser degree of silicification.// Manufactured eranhite also is wrcducei 
in Canada by the Acheson Graphite Co. ina plant at Niecara Falls, Cntari. 

_ Newfoundland, - A considerable quantity of amorpious graphite ha 

been vroduced near a John’s Newfoundland, and a few tons of vein erackit 
has been mined from Baffin Isignd, Labrador. 


. Mexico, - Deposits of amcrrhous graphite are found in the States c? 
sonora, Oaxaca, Guerrero, Hidaigc, Coahuila, and Baja California. The i: 
of the production comes fro: n mines in the State cf Sonera about 2G miles 
south of La Colorado. The Oaxaca deposits are said to be tco high in 
impurities to be commercially orotitable., 


* The Sonora sraphite Was dis sovered in 1867, but commercial creratic: 
did not besin until 1895, whe n the U.S. Graphite Co., the present owner, 
purchased and deve sloped the peoperty. These deposits were originaliy cc 


&/ Flaces noted in Finland, South Africa, Fuseatia. Rumania, Sweden, anc 
China &re described or menticned in I:mverial Mineral Resources 
_ Bureau Report Graphite (1913-12), London, 1923, 
7/ Spence, H, S., Graphite: Canadian Dept. cf Mines, TOs Dix Os 
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seams enclosed in sandstone. The coal was altered to graphite by the heat 
tnat attended intrusion of granite into the sediments. There are at least 
six beds, two or three of which are of good quality and commercial size. 
The largest of them averages 9 to 10 feet in thickness, but, being highly 
folded, its thickness reaches a maximum of 24 feet. The graphite is 
exceptionally pure, selected samples containing as much as 9o percent 
grapnitic carbon, the average being 80 and 85 percent. 


Burove 


_ Austria. - Austria has greater resources cf graphite than any 
country in the world, and before its dismemberment it annually produced 
over one-third of the world’s output. The greater part of Austrian graphite 
is amorphous or so finely crystalline that it is classified as iow-grade 
material, Production is derived from deposits in four distinct fields - the 
Kruman and Schwarzback districts of Bchemia, Moravia, Lower Austria, 
and Styria. The first two are in wnat is now known as Czechoslovakia and 
will be aescrioved under that country. Flake graphite occurs sparsely dis- 
seminzted in gneiss in lower Austria in an area along the left bank of the 
Danube, cetween 39 and 55 miles west of Vienna. Amorphous graphite is 
found in graphitic slates situated between gneiss and mica schist, and in 
the Muehldorf district a steeply dipping bed of impure graphite occurs in 
crystalline limestone. The graphite produced in Lower Austria, even after 
refining, contains only 60 percent of carbon, and is eraployed chiefly in 
foundry facings. The graphite in the Styrian Alps is found in highly folded 
Slates and limestones and is derived from the metamorphism of coal seams. 
The crude material runs 40 to 95 vercent carbon and needs only hand sorting. 


Czechoslovakia. - There are two graphite fields in Czechoslovakla - 
one in Bohemia and the other in Moravia. The deposits are irregular lenses 
of gravhite schist interbedded with other metamorphic rocks. The major 
production from both fields is amorphous graphite, although a little crystal- 
line material is mined in Bohemia. The refined product contains about 60 
percent carbon and is used chiefly in the manufacture cof foundry facings 
ana cheap pencils. | 


Germany. - The graphite deposits of the Passau District in Bavaria 
are well known. The graphite occurs in lenses and pockets in gneiss and 
schists, and is of the disseminated flake type. The gneiss is deeply weathered 
in many places, and the graphite is therefore easy and cheap to mine. The 
average graphite content ranges from-20 to 30 percent. During the Middle 
Ages sorne of the alchemists’ crucibles are said to have been made from 


this material. 
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Ceylon, - Deposits of graphite in Ceylon were reported in 1281, but 
cominercla.: rrocuction beran in 1627 and has been continuous since 1834. 
Grarnite is wicely disseminated through the rocks, but, excent for a few 
ilake deposits, all known commercigi occurrences ‘exist as veins formed 
by the filling of fissures in gneisses and schists. Graphite workings cover 
nearly the entire scuthern half of the Isiand. In the smaller veins and in 
a narrow zone between the main portion of many cf the large veins and 
the country rock, graphite occurs as a mass of parallel fibres or needles 
normal to the vein walis. This fibrous material, known as needle lump, 
cominands a premium price. Grashite in the larcer veins has a coarse 
platy or foliated structure. | 


Although the veins usually consist entirely cf grarhite, scme of the™ 
carry cther minerals in arpreciecle amount. Tyrite and quartz alepadvagis) oul 
occur in disseininated ae or as bands, ana other pecan ae minerais are 
boitite, orthoclase feldspar, anatite, all anite, rutile, and pyroxene (usually 
sugite). In some of the veins the material has been crushed by later tetonix 
disturbances, 


The veins are worked eitner by open-cut methods or vertical shafts. 
Excert fcr three of four properties, the mines consist of shalicw rits or 
gougines in vein outcrons, wuich are leased to natives by the owners and 
are worked by hana methods. 


Chose - The fravhite industry of Chosen dates from akout 
- 1903, when tne foe exports were made. Most of the graphite in Cnosen 
consists of beds and irrecular lenses of amornnous meteriai in siates ana 
sanastones in the central and eastern narts cf the country. In one district 
(Kyeinz-Sang) are tnree seams having maximum mincabie widtns of 78, 1é, 
and 45 feet, respectively. In nortnern Chosen are a few low grade cenosits 
‘of flake graphite in scnist and gneiss. 


U.S.5.8. - Since the greater part of the graphite cf the repurlic is 
in Siberia, all of the occurrences are described under Asiatic devcsits. 
The rrachite deposits in the Soviet Republic are of two princiral tyre 
one, amorphous cranhite containing smali amounts of pyrite,. formed 
the aiteraticn of sediments by the intrusicn of ignecus rocks, and the cther 
cf regionel metamorvhic orizin consisting of flake graphite in crystalline 
SChists, Uni recently the only graphite depesit in European Russia co 
which informaticn was available was the Dszimorsk district in the Caucasus. 
Hiere amorpnous graphite ccecurs in large beds or lenses with an aver a 
thickness of 1 meter and a known extension of 1,5CC meters. As the resi 
of geological exploration in the past 10 years, 37 granhite deposits of the 
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contact metamorphic tyre have been found in the Ural Mountains. The 

' largest deposits of this type are found in Eastern Siberia at the Kureishoe, 
- Noginokoc, Botogolskac, and Sretenskoe mines. Large deposits of flake 
srapnite are found at Soyuznoc (Malo-Khinganski), near the Arnur River. 


Africa 


Madazascar, - The island of Madagascar vrobably contains the largest 
reserves of ¢rystalline gravhite of any section of the world. Graphite occurs 
in a belt of schists and gneisses almost 400 miles long. Most of the graphite 
consists of fiake, but minor amounts of vein and amorphous material also 
have been found. The flakes are unusally large and constitute a much greater 
precentage cf the schist than in any other large known deposits. Weathering 
has-altered the rocks to a mixture of clay, graphite, mica, and quartz, which 
makes mining comparatively simvle. The graphite content averages 10 to 

12 percent but may be as high as 40 to 60 percent. 


GRADES 


| rinished grades and classifications depend on the type cf ore and 

- separation used. Several grades and classes of varying particle size and 
purity may be produced from one mine. Finished@ grades of natural graphite 
are Classified under flake, crystalline lump, chip or dust, and amorphous. 
The flake and crystalline varities, which are considered the purer and better 
grades, are distinctly different from the amorphous, the finished product 

cof which has the appearance of black flour. In refinins, several processes 

of separation may be used, including oil flotation, air separation, and washing. 


Usually it is the physical character of the product that is of the utmost » 
importance; the value of crystalline graphite depends on its structure and 
the size and toughness of the particle almogt as much 2s on its carbon con- 
tent. Crucible-grade graphite ranges in size from 20 to 50 mesh. Flakes 
larger than 20 mesh decrease the density of the crucible and thus detract 
from its strength, and flakes smaller than 50 mesh do not have enough 
covering power to make a satisfactory crucible, The following table gives 
the carbon content and flake size of the various grades of flake grannitc: 


Classification of flake graphite 


Mo!erance| Carbon content, 


-ercentere on = +3 4 5O_ me percen percent 
1A ZO. AQ. cat 85 
ul 15 20 60 85 
ve 90 percent through -50 on +/0 oo 
3 90 percent through -70 on +100 80 
4 100 percent through -100 mesh 65 
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Tne purest commercial natural graphitc is Ceylon crystalline lump 
and chip vein graphite. Vein graphite is graded as ncedle lump, lump, chip, 
and dust. Neecle lump, because of its fibrous structure, is a special quality 
material and contains 90 to 95 percent carbon; lump ranges in size from a 
walnut to 2 pea and contains about 90 percent carbon; chip ranges irom the 
size of a pee to a little smaller than wheat grains; and dust is comparable 
in size to gun | powder and smaller and contains 55 to 80 percent carbon. 
There is also.a variety described as large lump (1 to 3 inches), which, 
although it may contain 91 to 29 percent graphitic carbcn, does nct have the 
structure desired for making crucibles and usually sells for a lower price 
than cruciple lump. 


| Amorphous graphite is often graded according to the locality from 
which it comes, as each deposit has its local peculiarities. As mined, it 
ranges in size from about half an inch to dust. Most amorphous graphite 
is the result of the metamorphism of coal seams, the carbon of which has 
been converted into the graphitic form. The purity of such graphites, there- 
fore, is Genendent on that of the original coal. Amorphous graphite is also 
found finely disseminated in slates and shales. These graphitic slates, as 
a rule, are-relatively low in-carbon, and some of them are too lean for 
refining. In such deposits the ore is hand-picked and ground for use in paints 
and foundry facings. The high-grade amorphous deposits, as for example 
those of Sonora in Mexica, average 84 ponent carbon. 


USES 


Natural Graphite 


The value of gravhite to industry is based upon suitable application 
of one or more of its inherent qualities, such as unctuousness (which is 
often incorrectly referred to aS greasiness); refractoriness, or ability to 
withstand high temneratures; conductivity of heat and electricity; inertness 
to a large range of reagents; and miscibility with other materials and with 
liquids. It is: used in the manufacture of graphite crucibles, stove polish, 
lubricants, paints, lead pencils, foundry facings, dynamo brushes, electrodes, 
dry batteries, fertilizers, and many less important articles. 


_ Crucibles, - The fair thermal conductance and high melting point of + 
graphite are the characteristics that qualify it for a number of refractory 
uses - the manufacture of crucibles, crucible covers, pouring nozzels, 
crucible rests and stools, funnel or r extension tons, skimmers, phosphorizers, 
ladle stoppers and stopper sleeves, pyrometer sleeves, furnace bricks and 
doors, annealing boxes, and case-hardening containers. For this purpose, 
Madagascar flake has been specified as essential. When mixed with clay 
and sand, and later fired, graphite imparts a resistance to sudden heat 
changes and a degree of heat ‘conduction unequalled by most metals. 
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Foundry facings, - Small flake of comraratively low carbon content 
and amorphous graphite are used for foundry facings. Except for the unie.- 
versal requirement of extreme fineness, the preparation of facings fcllows 
no generally accepted standard; therefore, there are probably as many 
formulas as there are manufacturers. The usual practice is to mix the 
graphite with sand, clay, talc, or mica. These impurities are present in 
many low-grade graphites, and therefore very little refining is necessary 
in the preparation of this commodity. 


Lubricants. - Graphite is valuable as a lubricant because it edneres 
readily to metal surfaces and fills the pores, thus giving a veneer that 
reduces the bearing coefficient of friction virtually to that of graphite itself. 
The veneer is also protective, being resistant to most chemical and corrosive 
reactions. Flake gravhite is preferatle, as it readily forms a scaly layer 
on the metal, which is essential for successful solid lubrication, whereas 
extremely fine graphite tends to flow excessively with the oil supplied to 
the bearing. Graphite is also used for dry lubrication where oil or grease 
might be detrimental and where liquids of all sorts are to be avoided, as, 
for instance, on the bridges of pianos, organs, and textile machines. 


Paints, - Any impure natural graphite may be usec in the manufacture 
of paints. Fure granvhite is unsuitable, as it tends to coagulate in the oil 
vehicle and spread under the brush into an excessively thin coating. Impure 
graphite containing substantial quantities of silica can be mixed with iron 
oxide or zinc compounds to make a satisfactory pigment for paints employed 
for the protection of bridges, railroad cars, smoxe stacks, boiler fronts, 
tanks, and metal roofs. 7 


Pencils, - The use of graphite as a pencil cr in the manufacture of 
pancils is one of the earliest and by far the best-known use of this material.. 
In the sixteenth century, crayons were. made. in England from graphite obtained 
in the Borrowdale mine in Cumberland. Solid blocks of the natural material 
were cut into sticks and sold.as such, Later, they were cut somewhat 
srnaller and protected by a woaden holder. -The present method of making 
pencil ‘leads’? from a manufactured mixture of graphite and elay began 
near the close of the eighteenth century. The clay serves as a binder or 
plasticizer, to facilitate the molding of the graphite, and as a means of 
regulating the hardness and uniform quality of the ‘‘lead.’’ 


The Borrowdale mine was exhausted and closed in 1883. Some 15 years 
later a similar graphite was found in the Sayan mountains west of Irkutsk in 
Siberia, This became the well-known Alibert mine, which supplied the Faber 
pencil factory in Nuremburg, Germany, for many years. After this mine was 
exahusted or abandoned, pencil manufacturers began using different types © 
of graphite. Boherian grades, which have a reputation for blackness, have 
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been used larsely but at nresent the Mexican amorvhous material is in great 
favor Since it can ke usea without much if any ad mixture of other gravnites. 
Although the name “lead vencil’’ is misleading, finely divided metailic 
lead is sometimes added together with carbon black or antimony oxide. 
Althougn hardness can be regulated by the preportion of clay, it is influ- 
enced aiso ky the method of preparation, corapression, and other factors. 


Niccellaneous. - Amorvhous ‘rashite is used as a conducting co2zting 
for electrotyping forms. For stove and shce polishes it is worked intc a 
paste with cley, resin, and soap, an oil or water vehicle being added if a 
liquid variety is required. Carbon biack may be added to intensify the cclor. 
Flake graphite is used in compounds emvloyed to prevent scale in boilers. 
The small flakes gradually renetrate cracks in the scale and intrude getwée 
it and the metal, thus making it removable. The amorphous variety or fines 
from vein or flake cranhite may be used to polish shot or to rerider gunpovw3:: 
vrains waternroct, They are alsc used as a filler in fertilizers to give the 
required dark cclor and to ccat the carticles, thus preventing abscrotion 
of moisture. Similarly, they are used to coat tea leaves and coffee beans to 
protect them from moisture and to improve their color and general ap- 
pearance. Flake, vein, or amcrvhous grapnite is used as a ary cattery flier, 
AS ag material 1S required, manufactured graphite is often oreferred. 
Grain size is not Een and cf the natural cravhites Mexican amorpnous 
1s esas by the trade. A new prerused use for eranhite is as a smotherin:z 
or extinguishing medium a fires from incendiary bomics in factories. 
Graphite is preferable to sand, as the latter would be harmful to machinery, 


hienufactured 


Manufactured granhite can be used for nearly all nurposes where 

ratural grachite is embiloyed, excert in manufacturing crucibles. It is 
virtually the only form of granhite used as electrodes in electrolytic work 
such as the manufacture of rnagnesium, chlorine, caustic soda, chiorates, 
steel ingots, and castings. In colloidal form, as concentrated Sp luaieues 
in their carriers (water, petroleum, castor oll, glycerine and mineral sniriy, 
it is ernplcyed in innuinerabie iuoricetion vroblems, ranging frorn locks to 
steacn cylinders. Collcidal granhite disnersions likewise impart electrical 

conductivity, yoni opacity, and heat resistance to porous bodies; thus, 
asbestos packings, industrial soaps, nonfacding rayons, and electrical con- 
ducting parers are Made: PCSciple. 


MINT iG AND MILLING NATURAL GRAPHITE 


» - oOEOE STIG, = Most cf the flake-franhite mines consist of cren- -ni ier 
quarry Poe! in tie weathered portion of the gneiss or schist. Byes 
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ores are usually beneficiated in three staves - (1) preliminary or coarse 
erinding ina jaw or gyratory crusher, which separates the larger impuri- 
ties, (2) refining this concentrate by further grinding in a buhr mill, and 

(3) a final concentration by flotation.’ In some deposits in which the country 
rock is completely weathered to a claylike MASS, as in Madagascar 

coarse separation is first made by working.in a series of troughs. The 
second step may be wet or dry grinding ina buhr, rod, or ball mili. A 
flotation process is believed to be-.the most efficient means of obtaining 

a clean concentrate and, at the same time, the maximum amount of large 
flake, because mechanical sifting will not eliminate all the impurities unless 
erinding ecntinues to the point where the size of the flake 1s reduced 8/ 


successful flotation can be achieved with a number of reagents and 
under a wide range of conditions. The use of a frother alone is usually 
sufficient to obtain satisfactory separation of fine flakes, but coarse flakes 
require a small ariount of an oily collector to insure their recovery. 
Depression of the gangue minerals is often more difficult than flotation of 
the grarvhite, and acid and oa a reagents have teen used to separate the 
gancue from the concentrate. 


An acid (sulfurie acid) or an alkaline (solium silicate or cyanide) 
circuit is equally effective as a gangue depressant, and the choice denends 
on the preference of the onerator. It is noted, however, that a strong acid 
circuit in flotation accentuates the wear on equipment and thus necessitates 
frequent replacement. The flotation ecncentrate is filtered-and then dried. 

fPiter Crying, the dust is removed byvan air separator and the ae product 
is bagged for shiptrnent. © . 


Mining Ceylon vein graphite involves considerable raining expense, 
because the veins dip steeriy, which necessitates underground operating 
‘equipment. Frocessing vein graphite is comparatively simple and consists 
of preliminary hand sorting at the mine and later grading by combined manuai 
anil machine methods. The first process ccnsists of breaking up the large 
lurars of graphite by hand as they come from the mines. This eliminates 
tne rnaior portion of the impurities, which are quartz, orthociase feldspar, 
cyritc, ard other wallrock minerals. The lumps are broken arain, and the 
frasments are rubbed and polished by hand on.a piece of wet burlap. The 
smaller material goes to zt sift ing Eiacnee which separates it into small 
lurnps, chins, and dust. 


8/ Clemmer, J. B., Sanith, ae Wa e 2 


tal., Flotation of Weathered Alabama 
Graphitie Schists for Crucibl 2 Fin! ce: Geol, Survey of Alabama Bul. 
49, 1941, 101 pp. 
9/ Work cited in foctmots 3) Da 1c. 
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Mexico. - Bedded deposits of amorphous graphite in Mexico are tyvica. 
of the depcsits of high-grade graphite of this type. As the beds are Iclded 
and pinch and swell on the limbs of the folds, mining is carried on in under- 
ground workings. The most successful processing of this type of ore is by 
grinding and air sevaration. Among several methods of air separation is 
one in which the ground material is fed on to cloth bolting stretched over 
agitating tables whose tops are perforated with a series of holes or jets, 
through which compressed air is forced. The graphite, which is light, moves 
off the end of the table, whereas the heavier gangue spills off the side. 
Anotner type consists of a vertical strearn of air under pressure, which lifts 
the ground material upward. The gangue, being heavier, falls to the floor, 
whereas the graphite strikes a curved roof surface and is deposited on an 
adjacent table. | 


Amorphous graphite also occurs disseminated in slates, in which it 
makes up only a small pertion cf the rock. This material is ground without 
separation and is sold to the paint trade for use in pigments. 


PRODUCTION OF MANUFACTURED GRAPHITE 


Commercial production of manufactured graphite began in 1897, when 
162,0Q0 pounds of graphite electrods were made by the direct conversion 
of nongraphitic carbon rods made from a mixture of petroleum coke with tar 
as abinder. About the same time, the manufacture of graphite in powder . 
form was undertaken, the raw material being anthracite culm or petroleum 
coke and smaller amounts of quartz sand and sawdust. This material is 
crushed fine and placed in a long, troughlike furnace having an electrode 
at each end, On heating, carbides of the various metallic constituents of the 
ash are formed first; and when the temperature is raised further, they 
decompose, leaving granhite. A purity of 99 percent carbon is guaranteed. 


For lubricating nurnoses if is ground to 200.mesh and air-flioated. 
This mass, which is new called disintegrated graphite, is converted to 
deflocculated or colloidal graphite by treatment with a solution of tannic 
acid, The graphite is then suspended in water and allowed to settle for 
several days, and is then decanted and passed through a filter press to form 
a paste consisting of graphite and water in approximately equal proportions. 
From this paste, an oil suspension is produced by grinding in a pug mill 
with continual small additions of oil until ali the water has been displaced 
and a product known to the trade as Achesons “‘Oildag’’ is obtained. 
Colloidal graphite is similarly dispersed in water, castor oil, glycerine, 
navntha, and mineral spirits. The entire output of manufactured and colioids. 
erapnite is produced by the International Acheson Graphite Coy of Niagara 
Falls, N. Y., and Ontario, Canada. 
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DOM TIC CONSUL TION 


Most OL the naturel ¢ epamiate Ben eas in £ 1e United § States cansists 
of imvorted flake, lumn, ch 1), 78nd SmOrecnous tmiaterial trom: hia dagnsear, 
Ceylon, and Nicsico,: resnectively, Consumption oi both natural and m&nu- 
factured graphite hes fluctuated considcrably during the past 30 years, but 
definite trends are discernible. The consumption of flake, lump, and chip 
heve declined, whereas amorphous and manufactured have increased, pare 
ticularly since tne outbreak of the war. 


prow 4t9io te 1o13,tne crucible. me ikers, who accounted for more 
than oO percent of the hich-rrade lurnp and chin consumed, insisted upon 
the use cf Ceylon graphite. The crucibics manufactured during thet pcricd 
would stand 2d to 28 heats. Thirty ycars Bons during the war, lack of shins 
and shipning space created shortages of Ceylon graphite, and the crucible 
manufacturers turned to Madagascar fl aes 2s a substitute, This substitute 
soon bacame more popular than Ceylon grephite, and consumption of flake 
increased at the exrpcnse of lump and chip. However, with the abandonment 
of crucible melting ty many foundries and steel mills in fevor of electrical- 
furnace or other processes, together with improvement in the manufacture 
of crucikles, which now stand 40 to €0 heats, consider: ably less high-grade 
Hake is necossary Lor industry. 


The present war has expainded-the need for graphite of all tyres. It 
seems probable, however, that this expansion will be temporery and 
production wili decline considerably at the end cf the present emeryrcney, 
not only because peacctiine demands for gravhite are smaller, but also 
because of the lerge stock pizes that will have to be dissipated eae new 
suvplies are needed. Aside from the crucible gradcs, crystalline and 
amorphous graphite arc interchangeable in use; and since the depos sits of 
amorphous are more extensive, the use cf this type is expanding. The use 
of manufactured graphite has expanded as the result of greater demand for 
carbon electrodes and lubricants for wer purvnoses. _ 
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TARLE 1. - Principal kinds and sources of graphite used in the United States 
Commercial Customary | Consumption 


descrivtion Principal uses sources trend 
A. Naturel crystalline: 


1. Lumpand chip | Crucibles, Ceylon, 100% Diminishing 
90% C. ladles, 
stoppers, and | 
retorts. 
a. Flake | i Crucibles, Hiedannatam 95% ,| ' Fairly large, 
Bie Gs | carbon brushes, | Ceylon, 4% increasing. 


| fo sundry facings, , Other, 1% 
| lubricants, dry 
i batterics. 


32 Dust 


Same as . | Ceylon, 70% Insignificant, 
15% Cs 


| amorphous. | Madagascar, 20% 
| Other, 10% 


B. Watural amorphous: 7 | 
ee 


9055 C. Tounury facings, | Mexico, 95% Large; 
core washes, . | Ceylon, increasing. 
penciis and United States. 
crayons, lubri-. | Canada. 


lcants, v o2ints, 
Shoc polish, 
dry batteries. 


—_—- 


C. Manufactured: 


1, Electrodes, etc. Electric furnaces. United States, Do. 
95 vi Cy | 100% 
4. Powder — iDry batteries, 
95% C. lubricants, United States Fairly large; 
cummutator ‘and Canada, 100% | stationary. 


—— 


brushes, col- 
loidal granvhite. 


PRICES AND MARKET REQUIREMENTS 


On the domestic market, according to Engineering and Mining Journal 
Metal and Mineral Markets for July 15, 1948, foreign grades of natural 
graphite, f.o.b., New York, were priced 2S follows: 


O41 a TF ee 


Digitized by Google Original from 


THE OHIO STATE UNIVERSITY 


Per pound, Ceylon lumn, 10 to la cents; carbon a. a tO 
TOVCCRES Cid. 7 to 8 cents; dust, 4 to 9 cents; ‘Madagas flake, 
0 tO: LOCCEnLS: prices nominal. . 3 


Wo. 1 flake, 9 to 16 cents; No. 2, 7 nis upward; fine- 
eround, 55 to. 70 percent carbon, 3 cents upward; amorphous, 
3 cents upwerd. : | 


Crude aenoionoue graphite f. o.b. New York; $4 to $3C 
ner ton, according to grade. 


Mexican maieeeieuS eraniite 85 percent carbon is ssid 
for $10 to $15 per ton f.o.b. mine, mOnOlre:, iviCk COs 


Prices of domestic granhite are controlled by the Office of Frice 
Administretion gencral maximum orice réguiation and may vary with 
individual overctors. The Mectels Reserve Co. price list per pound, for 
domestic flake of specific crades is as follows: NO. ia Cente. Noe, 
13 cents; No, 2, ih cents, POs 3, 7 cents and ae 4,5 cents. 


ommioas ryannite ranges from 2 ty 4 sonits nér pound, auie nding 
Om Tae Carben Content. 


As ail the manufactured eravhite is produced by one cormmany, prices 
for this material do net appear on cee ee 


The inajority of graphite ouyers in the United Status are reluctant 
to exverimént with domestic eridcs, having lons been necus tomcd to 
standard foreign material. Thas, evcn in tic rare instances in which good 
natural ¢vrephite is found, commercial »rcauction must aweit devclonment 
of 2 profitable market. However, cxperiments are being carricd on by 
crucible manufacturers in an effort to make crucibles from domestic flake 
that will he ecceptable to the trade. Specifications of crucible-cradc 
eranhite vary with the individual manufacturers; however, general spccifi- 
cuticns for such material call for flzke graphit Ms that is virtually 10C percent 
between 20 and 50 mesh and 75 percent through 28 and on 35 mesh. Carbon 
content ranges from do to 90 percent, and bulk density is sucn that 100 grams 
of the materiel will occupy a rainimum voiume (aitcr reveated jolting and 
tapping on < table top) of 129 ec. A 250~cc. cylindrical graduate is used 
in making this test, and readings are tuken at 2-minute intervals until constant 
Within less than 1-¢c. 7 


“Army, Navy, and Federal svyccifications for graphite used in lubricants 
follow: 
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United States Army Specification io. 2 - S44, April Zi, 
WO se AGP Oe tex. “Pais: One cificetion covers one erade cf crannite 
for use as 2 dry lukricant and for comvounding with lubricating 
rrcases and ae Unless ctherwise specified, cither natural or 
pO eC LUree Cra inite tay be tipnisned,. “ne meterial sacl be 
. dry powaer fre IPG 7 ony INoICat On Cl Coking Gr lumpine. 

mS Content Suall not-c2cocun-1.0- percent... “Fotsl carbon Sneii net 
be less than $8 nercent. No residue shell be retained on 2 10C- 
mes) screen, Not more Winn 2.0 percent Siel’ be retinca on 2 
S00-inesh sereen. On rubbing the ite on the 2Z0C-mesh screen 


on two flat, polished, br ASS plntos ne seriiches Snail De visibis 
(without mar nifientio io) ae merapitc Carbon Snel Gu. present 


in sufficient quantity to be re tectable when tested in the following 


a ae a 


One Eee -Gr are nite eas deuce with 1 ml. of liquid. ci 1.20 
plus or rmiinus 0.01 specific gravity ond suitcble solvent and wetting 


ee & mixture of chioro- aan bromoehydrecarbons is suitaole, 
ae SUS VeMeLOM SOOT) Thom c- 2 i ewe i stand or be ees dq 
me ‘the VIGUIa Clears. NG Visit ie Ouse ntily Of mete oe sch almaogss 


Lf 


OW Surivec OL ine aiid, 


NAVY DeOAriinent specie i0n oe Scpotember 2, 1941. 
on Pe ralto, LUUriCalins “General Pequiee vic Nie ce eotine % 
PAOLItG Sel. Oe Iurnisned dn Tic Toc wine eredes? "Grede tT 
oe ae end grade TTI, fine, Graphite snall be free > from adult 
ation with Olly OC SUSe; ‘IA AOC LACK, powderca COnl. Or Clacry 
Impurities, The ash shall not be abrasive. Detail MeGUIE Ste rics -s 
iC a MexIIMuUm. SS Contato meee minimum graphitic 
ciarbon 34 percent; 97 percent shall pass through No. 20 sicve and 
Yo percent chal] remain on No. 100 sicve. Grade II, meximum 
Je hCCnLteat.2 Pere one am aiendim er or aitiG-Carpon oy) Pomc oy 
cercent Shall nass throue ieSieve: N6.325. 


L 


poe 
tc. T-= 


“ederal Snecifications No, VV-G-¢71la, February 24, 1e4e, 
Crouse: Lubricatin = Crarhit:. Goners seguir ical. = Gren 
UDRICStINe Creuse shail be of finc grades, Grade A, soft; grade E, 
PACU @rido-C, hard; grade fey SOLU EPAce AB, Medium. 
Graoritc lubricating ercace Susi contiin no. Tiliors-such os rosim, 
PCSiNCiLs, pe WX powdered ah Sule, Clay SSbUstos, or 


Cther undesire ‘able ordel tericus 13 ~nuritics, and shall COntainm nct 
more Thea’ AC Cerccnh of Unce wines Cleo) Cridcs. ‘Only auslen 


cdor of mincral off will be accerted, and any cther distinct oder 
Sou De Suriieiont-Couse Tor Peiccuch, 
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Detail requirements, - Graphite lubricating grease shall 
comrly with the following Specifications: 


Grade BE, 
islmnit medium; 
Grede A, soft; grade AB, Grade C, 
rrade AA, soft medium herd: 


Ash, Bo suifates, 


pevCent (Mex TAUM) sass ae 7.6 059 
TOVSLULS, 

SULCSaE (1-1) sseshe Le 2 2 
Paneer Ol Content, 

percent COMMU) wanes oo .« 80 co 

ENCULATION seseesseeescteceees 3002355 040-290 190-230 


POs leit Tiles. 1 On DOMECTIOC GlArat Ts 


It | LS atti meek te gencrelize about the pctential economic 
Lnportance Oi tie Various a = graphite, as the carbon content 
alone dos eae ore Sees its value. Cther factors, suci @s its 
PHYSICA roy Pel ive Pea erincae: and, in the case of flake 
Cro ite, TiC: Sige Sr Stren, Of the Tick. musbaiso be Considered. 


Amoricen granhite dcnosits, th ouch nurnerous and many of them large 

are PD epaecinaren a lly low-¢ spede. They constitute an abundant source of 
potential supply but have preyed relatively cos tly tO Work: Wanye. the 
failurcs in this industry have been due to lack of keg of operating 
COStS 2nd On SlmoSt Comulcte: 1enorance cf The size ona. Snipe or the orc 
bodies. Mills have been built on the basis of the onalge is of 2 sample that 
indicates only tne valuc of the sample and which micht not be taken 2s an 
overage tor the doposil.. “Other ficters of cqual imbortence are bei size of 


the deposit, tne associcted mincrals, the ease or difficulty of scparation 
of the as ph a from the ganeuc, cnd the availability of a marke a el the 
finished rrocuct. The use of the product determines the extent and the cost 


“~ 


Gf bene fic ce of the raw material. 


As 2 result of the work of the Federal Geological Eurvey and the 
Eurcsu of Mincs it is estimated that 360,C00 short tons cf graphite is availa- 
Die IP: Penneyivenit- anc Aleoling,. .co 0C0 tons of sre is flake graphite. - 
With oresont mining end milling cauipraent, this flake can be vroduec 7d 2t 
tre rate of 4,30C short tons annually. According to prescnt spccifications 
of crucible menufecturers this mntzrial is too small or soft to make crucibie 
acceptor ble tothe tradc. Tiewever, it is apolicatle in =1]1 the othcr uses cited, 

S 


and industry is exnerimenting to make sctisfactory crucibics from domesti 
Caen cee 2 
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Pe Se 
Alabama Flake Crapnite Co., Ashland, 
Ceion Grophite I Goodwater, 
Crucitle Fiake Grannite Co., Ashinna, 


ee Graphite Co., 850 12th St, Detroit. (Mine at L’Arss.) 


hncr-& RIcbhor, VWhicenell. 


Corso Eick 621 -Co.. Ceoon, 


cri Prankliin Greonite Coy, P.O; ‘Rox 403 hilltown. 


TA ~ 4 
: iC Yo rice 
= 


Acheson Graphits Co.,10/ 30 E, 42d St., New York City. 
Lawrence Grapnite Co., Morristown. 


Graphite } 1. ans, log Coss >. Oo. Bes x. See Crancton. 


LeLoS: 
ocutnwestern Graphite Co., Eurnct. 


Gra El Ee Ae 


Piovshail Dill, S10 Montsomery Ct, Sai Francisco, 
Pecizic Graphite Vorks, 40th «Linden ots.,; Oeklona (cmorr! 10US Cr 
Piece +) ° 


Cormmcectuicut® 
Pomorie ny CruCi ole CC... Cel ton, 
Peabiele is, Chica ro; 
De CbUurimarer Cow eeu \ oct Lot ot. (Crude). 
OUCY 2oint ME fs. Coen 1142 Fer Vince’ LV, (zmerphous) 
SUueericr Pinks ee Gai “2 ohite Cog beck Parse (ononasi3onk Pacis. 


saiaaers Subang tts: 

orinsficid Facing Co., Srringficid (wmorphous). 
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Pigeon: 
Cummings Moore Grnphite Cc., 1648 Green St., Detroit (amorphous 
crystalline, or Ceylon fleke, artificial), 
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orster Paint & Mig. Co., Winona (amorphous, flake). 
ae ese ot Vg 3 , 

American Lead Pencil-Co., Hoboken. 

Asbury Graphite Mills, Asbury (flake and powdered). 

Bloomsbury Graphite Co., Bloomsbury (amorphous, fleke). 

jJosccn Dixon Crucible: Coy, jersey City; = 

J. H. Canticr & Co., 1-10 Greene St., Jerscy City iuncenious: flake). 


Cw Cork: 
GH arlocs Packing Co., oO Main St., Palmyra (ground). 
Ward's Nutural Scicnc: Establishment Inc., 3920 N. Goodman, Rochester, 
alee acca Graphite Co., 149 Columbia Heights, progeyn (er ound and 
refined). , 


Iwew York City: 
Aracrican Cyanamid @& Chemical Corporation, 30 Rockfeller Plaza. 
le Js BOKCr G Cros. cl) Tiedise? AVG. 

* rclay Chemical Co., Inc. 75 “‘A’”’ Varick St. 
Peele. Vencil Cos. 103 Host. oth Sty (aimceronous; tial). 
Gerard-Kluyskens Cornoration, 281 Sth Ave. 

. Adolphe hurst & Co., 323 West 43a Obs 
lisley Doubleday & Co., 2.9 Front St. (crude and ground). 
International Selling Corporation, 70 Pine St. 
Chas, Mathicu, Inc.,.120 Liberty Ave. 
Chas. Pettines, 1 Enst 42a St. (21) kinds). 
VWhittele, Clirk & Danicis, Inc. 245 Prontiot. 


On1o: ; 
Fig arin, Poo Cte st. Cincinnati. 
Smith Facing & Supply Co,, 1857 Cartcr Road, Claveland (amorphous). 
Feennceylvanics: . | 
~ “Tere peCormick Co. 2oth & A.V. Railroad, Pittsburgh, 
Paxson Cos, Ne., 1208 Locust Ct. Philadelphia, (cimorphous or flake). 
Cooe Fs Peters, Ine.s-b 200 L6Cust St. biiladel ina; 
Ross-Taceny Crucible Cc., Robbins & Milnor, Philedelphia. (flake). 
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